Ligation of a DNA restriction fragment into a plasmid vector, followed by isolation of a recombinant plasmid, is a fundamental procedure in molecular biology. Standard protocols require at least two days to go from unligated DNA to the isolation of sufficient quantities of recombinant plasmid for restriction enzyme analysis or DNA sequencing (1, 3) . The two most timeconsuming steps involve the selective overnight growth of bacterial colonies on antibiotic agar plates and the subsequent growth of isolated colonies in liquid cultures, which usually requires at least six hours. I have developed a protocol that combines these two steps by selecting serially diluted bacteria in liquid cultures grown in 48-well tissueculture dishes. Here I describe how this procedure makes it possible to complete the entire process from ligation to the isolation of recombinant plasmid DNA in 24 h.
Ten micrograms of the 15-kb plasmid pA8-1, which contains a portion of the gene encoding the murine transcription factor α A-CRYBP1 (2), and 0.25µ g of the 2.9-kb vector pBluescript ® SK(-) (Stratagene, La Jolla, CA, USA) were digested separately for 30 min at 37°C with 20 units and 10 units, respectively, of the restriction enzyme Xba I. Twelve units of calf intestinal alkaline phosphatase were then added to the pBluescript digestion, and both reactions were incubated for an additional 15 min. After electrophoresis of the digested plasmids in a 1.0% TAE-buffered agarose gel, a 2.4-kb and a 1.9-kb fragment of pA8-1 and the pBluescript bands, respectively, were excised from the gel (Figure 1 ). The three gel slices were placed together into a single 1.5-mL microcentrifuge tube, and the DNA was extracted using the Geneclean ® II DNA purification kit (Bio 101, La Jolla, CA, USA), yielding a final volume of 20 µ L. Ten microliters of the co-purified vector and insert DNA were added to a 20-µ L reaction containing 1.0 mM rATP, 1 × ligation buffer (Stratagene) and 7.5 units of T4 DNA ligase (Stratagene). After 4 h at room temperature, 10 µ L of the ligation reaction were used to transform 100 µ L of XL1-Blue Supercompetent E. coli cells (Stratagene) according to the supplier's instructions. The bacteria plus DNA were added to 900 µ L of S.O.C. medium (3) and placed in a shaking 37°C incubator for 1 h.
At this point in a standard protocol, a portion of the bacterial solution would be spread onto ampicillin plates to initiate the overnight growth of colonies. If the cells are plated at a reasonably low density, each of these colonies should be clonally derived from a single bacterium and, thus, possess only a single type of plasmid. The protocol described here is based on the hypothesis that serial dilutions of the bacteria in liquid medium containing ampicillin should also yield a concentration of cells at which all of the bacteria in a certain volume of medium contain identical plasmids. Thus, 100 µ L of the above bacterial solution were diluted into 25 mL of LB medium containing ampicillin (50 µ g/mL). One hundred microliters of the diluted bacteria were then added to another 25 mL of LB/ampicillin, and 100 µ L of those cells were added to a third tube with 25 mL of LB/ampicillin. The medium from each of the three serial dilutions was evenly aliquoted into the wells of three corresponding Falcon 48-well tissue-culture plates (Becton Dickinson, Franklin Lakes, NJ, USA). The plates were stacked in a plastic box and incubated overnight with shaking at 37°C.
The next morning, the plates corresponding to the first, second and third dilutions had bacterial growth in 48, 24 and 4 wells, respectively. To isolate plasmid DNA, the cells from a chosen well were pelleted in a 1.5-mL microcentrifuge tube and resuspended in 100µ L of STET buffer (8% sucrose, 5% Triton ® X-100, 50 mM EDTA and 50 mM Tris-HCl, pH 8.0) plus 8 µ L of freshly prepared lysozyme (10 mg/ mL). The tube was placed in boiling water for 1 min and then centrifuged in a microcentrifuge for 10 min. The supernatant was precipitated with 100 µ L of isopropanol for 20 min at -20°C. After centrifugation and drying, the plasmid DNA was resuspended in 20 µ L of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.5). Five microliters of each sample were digested at 37°C for 1 h with 10 units of either Xba I or BamHI plus 8 units of RNase A and analyzed on a 1.0% TAE-buffered agarose gel (TAE buffer: 0.04 M Tris-acetate, 0.001 M EDTA, pH 7.8).
Plasmids were isolated from 4 wells of the third dilution and 20 wells of the second dilution. Digestion with Xba I revealed multiple insert bands in several of the samples (Figure 2A) . However, linearization of the samples with BamHI produced only a single band in all but one of the lanes ( Figure 2B) . The unique combinations of inserts seen in each of the lanes in Figure 1A suggest that all of the cells in the corresponding wells were clonally descended from individual bacteria. Analysis of plasmids from the first dilution, which produced bacterial growth in all of the wells, revealed a number of samples with multiple plasmids (data not shown). Therefore, at the lowest dilutions, the majority of the samples appear to be derived from a single cell. At higher concentrations, however, there is a greater likelihood that an individual well will contain a mixed population of bacteria.
This procedure provides a quick way to isolate enough recombinant DNA for diagnostic sequencing or ligation with additional restriction fragments. I have repeated this protocol with a variety of ligations involving different plasmids, inserts and restriction sites. In each case, one of the above three dilutions produced a plate with bacterial growth in only some of the wells, and the majority of those wells yielded only a single type of plasmid. If larger amounts of the recombinant plasmid are required, it is advisable to streak the remaining cells in that well onto an antibiotic plate in order to isolate colonies that are definitely derived from a single bacterium.
Simplified Probe Preparation Facilitates S1 Nuclease Analysis
BioTechniques 20: 174-178 (February 1996) S1 nuclease analysis is used to (i) locate the 5 ′ and 3 ′ ends of an mRNA transcript on DNA, (ii) map the location of intron-exon junctions in primary mRNA transcripts, (iii)determine the direction of transcription and (iv) quantitate the amount of a specific mRNA extracted from cells. The original procedure described by Berk and Sharp (1) employed labeled, doublestranded (ds) DNA as probes for hybridization to mRNA. Problems associated with probe renaturation required that a hybridization temperature be established that would suppress the formation of DNA:DNA hybrids and favor the formation of RNA:DNA hybrids. To circumvent this problem, singlestranded (ss) probes complementary to DNA fragments cloned into bacteriophage M13mp vectors have been used (2) . Alternatively, probes have been prepared by asymmetric PCR from ds linear templates (3). The ss probes are then purified from the DNA templates, generally by electroelution from agarose or polyacrylamide gels. Purification of ss probes by adsorption onto glass beads has also been described (5). These purification steps are time-consuming and result in substantial losses of the probe. The protocol for the probe preparation described here results in greatly improved yields and simplifies S1 nuclease analysis. S1 nuclease analysis of the 5 ′ -untranslated region for the leukocyte integrin gene, CD11c, has been previously described (4) and is used as an example in our modified protocol. The region spanning -89 to +88 (with respect to the transcription initiation site, +1) was first amplified from a CD11c genomic clone by the polymerase chain reaction (PCR). The ds PCR product was then purified from a 4% NuSieve ® (FMC BioProducts, Rockland, ME, USA) low melting point agarose minigel (LMP minigel) by adsorption onto USBioclean ® glass beads according to manufacturer's instructions (United States Biochemical, Cleveland, OH, USA) and used as the template for the probe preparation. In a separate reaction, 20 pmol of one of the primers used to prepare the ds template were end-labeled in a 10-µ L reaction mixture with [ γ -32 P]ATP (6000 Ci/mmol; Du Pont NEN, Boston, MA, USA) to a specific activity of 2-4 × 10 8 dpm/ µ g. Approximately 50-100 ng of ds template and 20 pmol of labeled primer (no need to remove unincorporated counts) were then subjected to 20-25 cycles of asymmetric PCR in a standard 100-µ L reaction volume. The labeled ss PCR product (along with the ds template) was concentrated by ethanol precipitation and then electrophoresed in one lane of a 4% LMP minigel containing ethidium bromide. The ss DNA, which runs at approximately one-half the molecular weight of the ds template, was visualized on a UV transilluminator. Alternatively, ss DNA can be localized following autoradiography of the gel. A thin segment of agarose containing the ss DNA was excised from the gel and trimmed of excess agarose with a razor blade. The agarose block containing the ss DNA was transferred to a centrifuge tube and melted at 55°C for 1 min. An equal volume (generally 30-40 µ L) of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) was added to the melted agarose, and 1-2 µ L of the melted agarose was counted in a scintillation counter. The yield of ss product is dependent on the efficiency of asymmetric PCR, but generally 5-10 × 10 5 dpm of ss product are easily obtained.
For S1 nuclease analysis, 25 µ g of total RNA from phorbol 12-myristate 13-acetate (PMA)-stimulated HL60 cells (promyeloblastic leukemic cell) were ethanol-precipitated and resuspended in 20 µ L 80% deionized formamide (molecular biology grade; Fisher Biotech, Fair Lawn, NJ, USA), 0.4 M NaCl, 1 mM EDTA, 50 mM piperazine-N , N′ ,-bis(2-ethane-sulfonic acid) (PIPES), pH 6.4. Approximately 2 ×10 4 dpm of ss probe DNA, still in molten agarose, were added to the resuspended RNA and hybridized at 50°C overnight. As much as 3 µ L of molten agarose can be added without affecting the hybridization efficiency. After hybridization, 150 µ L of 0.5 M NaCl, 0.1 M sodium-acetate (pH 4.5), 9 mM ZnSO 4 , 5 µ L of 10 mg/mL ss
